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Food
Quality
Safety
Authenticity
Traceability
Security
Sustainability

Food and nutrition composition data

Nutrition
Evaluating nutritional variation 
of plants and foods
Analyzing relationships 
between nutrient intake and 
disease
Establishing dietary guidelines 
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Scope

5 – 7 years

Database

One or multiple,
Subject
Official/commercial

Rules, standard 
procedures for sample 
taking, traceable

Shared Data, 
standardized

Vocabulary, Ontology, 
Data Forest

Which metadata

Inventory
Inventory of existing 
Providers, Databases

UE wide, Intersectoral

Management
Ownership & access rights

Quality management

Platform, software

In fracture, architecture
Officially Recognized

(Legally) trusted

Founding

Intellectual properties

Legal framework

Data providers

User-friendly

Front and 
user interface

Standard lab methods

Interpretation & decision rules

Validation, certification

Architecture & IT

Validation



1.
Metrology in food
Robustness, performance, quality control 
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Ni, Mn, Pb

Monoelemental solution with 
concentration traceable to SI

METROFOO
D-RI 

Physical-RI e-RI 
Metro Food



Metrological tool

Standard operational procedures
Sampling & sample; pre-treatment 
procedures
Reference materials
Measurements uncertainty
Proficiency testing
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Development of new reference material
METROFOOD-PP 

▸ to demonstrate the capability of METROFOOD-RI to supply 
services (with particular reference to the P-RI) and to test its 
inter-operability

Two important issues:
▸ characterization of RM 
▸ interlaboratory comparison
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Rice
Rice flour & rice grains

(same variety and same origin)
Oyster Tissue
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Abbreviation/

Country

Parameters for RM characterization

1 2 3 4 5

ENEA/IT (6 labs) X X X
CNR/IT (6 labs) X X X
INRIM/IT X X
ISS/IT (2 labs) X X
CREA/IT (3 labs) X X X
UniBS/IT X
INSA/PT X X X
IBA/RO X X X
CIDETEC/CIDETEC/E
S X X

UPPA/FR X X X
LNE/FR X X
ANSES/FR X X
ADERA/UT2A/FR X X X
AUTH/GR X
CULS/CZ X X
USZ/HU X X X
TUM/DE X X
JSI/SI (2 labs) X X
NIB/SI X
ZRC Koper/SI X X
IJZHP/MK X X
FASF/MK X
WIV-ISP/BE X X
TUBITAK/TR X X
DAS/MD X X X

1 – nutritional and bioactive compounds
2 – organic contaminants and genetically 
modified organisms (GMO)
3 – inorganic contaminants
4 – contaminants of emerging concerns 
5 – origin/authenticity/isotope 39 laboratories



First attempt ….



Protein content (%)

5 laboratories - numbers: 6, 7, 9, 15, 16

Sample mass: 0.5-1 g
Analysis: 5 replicates in 
5 sample bottles
Method: Kjedahl Analiser



Statistical evaluation

|z| ≤ 2 satisfactory result;
2 < |z| ≤ 3 questionable result (95 %); 
|z| > 3 unsatisfactory result (99 %).
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2.
Food authenticity and 
traceability
As an example
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Food control system

Overarching food control system needed
Traceability system

➮ labeling, radio-tagging
➮ good for passing information and 

tracking the packaging along the supply 
chain

➮ vulnerable to fraud
Robust analytical techniques for food 
origin or authenticity
Verify and support control system
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Sandstone 

Mudstone 

Granitic rock 

Photosynthesis 

C Carbon 

Meteorological variation H 

O 

Hydrogen 

Oxygen 
Sea-spray 

S Sulphur 

N Nitrogen 

Fertiliser 

Sr 
Strontium 

Geological variation 

Metabolism 

Geological 
variation

biological

climate

anthropogenic

geology

S

Sr O
H

C

N



Terminology
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Stable isotopes

X = 2H, 13C, 15N,18O, 34S
R = 2H/1H, 13C/12C, 15N/14N, 18O/16O, 32S/34S

Standard = V-SMOW, V-PDB, V-CDT, V-SMOC, AIR

12C: 98.93 wt%
13C: 1.07 wt%

16O: 99.757 wt%
17O: 0.038 wt%
18O: 0.205 wt%
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15N/14N

13C/12C

2H/1H
18O/16O

evaporation
condensation
precipitation

C4, C3 plants
marine, terrestrial
nutritional status

nitrification/denitrification 
trophic level
marine, terrestrial

Isotope Fractionation



Origin - elemental and isotopic fingerprinting
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ClassificationSample
Multielement
and isotope 

analysis
Chemometrics

Database 
matching

Country    X
Region     Y
Type         Z

…..

Country
Region
Type
…..

Elemental and 
isotope 

fingerprinting

PCA, CA, SIMCA, 
LDA, PLS-DA ….



Food isotope maps 
 
Two complementary approaches for the verification of food geographical origin: 
 
1. Database approach   2. Food isotope map approach 
 
 
 
 
 
 
     
Specifications from a    Specifications based on relation  
dedicated database    between geo-climatic factors  
     and food isotopic composition 
 
* Requires data/specs from all producers * Predicts specs for unsampled areas 
* Reliable but can be expensive  * Potentially highly Cost effective  
* Not necessarily the result of local factors; *  Based  on  “static”  local  factors 
* Needs regular update 
 
Works best for limited number of well  Works also for many ‘unsampled’ 
defined producers    LOCAL producers 

Authenticity and provenience
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What an “authentic sample” means

What are the factors influencing the isotope variability:
geographical origin, climatic conditions,

soil pedology and geology, for animal products, the diet type
any possible effects of processing technology

Large number of data (expensive)
Regular updates (stability of the data)

Origin is determined by comparing the data within a food to 
interpolated geo- climatic factors depicted in an isotopic map

Prediction of the data where no stable isotope data are available
Large scale data might overlook regionality

Annual/seasonal stability has to be proven



How is an isotope fingerprint interpreted?
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Predictive 
applications
What are the predicted isotope 
values of rice  based on 
precipitation isotope values in 
Italy?
This olive oil doesn’t match others 
from Italy. Where are the predicted 
regions where it may have 
originated?

Comparative 
applications

Are the isotope values of this 
scallop consistent with shellfish 
from Australia?
Are the isotope values of wines 
similar to others from the region?





Random Forest Model (2011) for the 
traceability of Grana Padano cheese
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Slovenian milk
Stable isotope data + elemental composition – LDA

Authentification of 
Amplodipine tables –
DD-SIMCA



(Hypothetical) example – build an oil isoscape

Isotopic 
composition of precipitation

Biosynthetic 
fractionation from plant 
water to olive oil

Temperature,
precipitation amount
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Precipitation d2H

Plant d2H

Olive oil d2H



(Real) example – build an oil isoscape23



3.
ISO-FOOD ontology
isotopes used for food research
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“

”

PNAS 114, 2997-3001, 2017

IsoBank - organize, consolidate, and share stable isotope data across disciplines

Link to RICHFIELDS ontology  (Food) 
and EFSA (FoodEx2)
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Relationships related to 
isotopic and location data

Global Network of Isotopes in 
Precipitation (GNIP) managed 
by  IAEA and data operating by 
University of Utah, USA 
(http://isomap.rcac.purdue.ed
u:8080/gridsphere)



Potential users
29

POLICY MAKERS / FOOD 
INSPECTIONS & CONTROL 

CONSUMERS / CITIZENS

FOOD BUSINESS OPERATORS

RESEARCH/ACADEMIC



Credits
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THANKS!
Any questions?
You can find me at nives.ogrinc@ijs.si


